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PROCESS FOR THE PREPARATION OF GLYCERALDEHYDE ACETONIDE 



The invention relates to a process for the preparation of 
glyceraldehyde acetonide by oxidation of the corresponding 2,2-dimethyM,3- 
dioxolane-4-methanol by an oxidizing agent. 

Such a process is known from Ermolenko et a/. 2001, Synlett, 1565- 
1566 "An expedient one-step preparation of (S)-2 I 3-0-isopropylidene-glyceraldehyde" 
Ermolenko et at. disclose that (S)-glyceraldehyde acetonide can be prepared by 
oxidizing (R)-2,2-dimethyl-1,3-dioxolane-4-methanol with pyridinium chlorochromate 
(PCC) or pyridinium dichromate (PDC) in dichloromethane. A major disadvantage of 
this process is that very low yields (of 30%) are obtained due to severe by-product 
formation. 

It is therefore the object of the invention to provide a process for the 
preparation of glyceraldehyde acetonide by oxidation of 2,2-dimethyl-1 l 3-dioxolane-4- 
methanol, wherein higher yields of glyceraldehyde acetonide are obtained. 

This object is surprisingly achieved by oxidizing 2,2-dimethyl-1,3- 
dioxolane-4-methanol by an organic N-chloro compound in the presence of an inert 
base and TEMPO or a TEMPO-derivative of formula 1 , 
R 6 



R 1 





(D 

wherein R\ R 2 , R 3 and R 4 each independently stand for an alkyl group with 1 to 6 C- 
atoms and wherein R 5 and R 6 either both stand for H or an alkoxy group with 1 to 6 C- 
atoms or one stands for H and the other stands for an alkoxy group with 1 to 6 C- 
atoms, an alkylcarbonyloxy group with 1 to 6 C-atoms, an arylcarbonyloxy group with 
the carbonyloxy group having 1 to 6 C-atoms or an alkylcarbonylamino group with 1 to 
6 C-atoms; or wherein R 5 and R 6 together stand for ketal groups of formula a-c 
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o 1 




X 



R 8 
R 9 



wherein R 7 stands for an alkyl group with 1 to 6 C-atoms and R 8 and R 9 each 
independently stand for H or an alkyl group with 1 to 6 C-atoms and wherein Y stands 
for a group of general formula d-f 

v \/ Y 

N N 

II e 

O X OH 
d e 



wherein X" stands for an anion. 

With this process a higher yield is achieved and substantially less by- 

1 0 products are formed. Additionally, the process of the invention does not require the 
environmentally unfriendly oxidizing agents PCC or PDC. 

The fact that primary and secondary alcohols can be oxidized to the 
corresponding aldehydes by an organic N-chloro compound in the presence of TEMPO 
or a TEMPO-derivative and a base is known from EP-B-0 775 684 and is shown for a 

1 5 specific set of alcohols. However, it is surprising that specifically this oxidation method 
works so well in the oxidation of 2,2-dimethyl-1,3-dioxolane-4-methanol to 
glyceraldehyde acetonide. This is surprising, because many other methods to oxidize 
alcohols are known and none of them has been found to be suitable for the oxidation of 
2,2-dimethyl-1,3-dioxolane-4-methanol to glyceraldehyde acetonide in reasonable 

20 yields (see Table A). 

Preferably, the process of the invention is performed in the presence 

of TEMPO (2,2,6,6-tetramethylpiperidinyloxy radical). 

In one embodiment of the invention, enantiomerically enriched 
glyceraldehyde acetonide is prepared from the corresponding enantiomerically 
25 enriched 2,2-dimethyl-1 ,3-dioxolane-4-methanol. The enantiomerically enriched 
glyceraldehyde acetonide can either be (S)-glyceraldehyde acetonide or (R)- 
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glyceraldehyde acetonide. Preferably, the glyceraldehyde acetonide has an 
enantiomeric excess (ee) > 80%, more preferably > 90%, in particular >95%, more in 
particular >98%, most in particular > 99%. Preferably, 2,2-dimethyM ,3-dioxolane-4- 
methanol has an enantiomerica excess (ee) > 80%, more preferably > 90%, in 
5 particular >95%, more in particular >98%, most in particular > 99%. Surprisingly, with 
the process of the invention, the ee of the starting product, the corresponding 2,2- 
dimethyl-1,3-dioxolane-4-methanol is almost equal to the ee of the glyceraldehyde 
acetonide prepared. This implies that hardly any racemisation occurs during the 
process of the invention. 

10 ln tne sc °P e of the invention, with an inert base is meant a base 

which does not react (apart from usual acid-base reactions) with the organic N-chloro 
compound or one of its degradation products, TEMPO or a TEMPO-derivative of 
formula 1, wherein R\ R*. R*, R 4 , R* and R 6 are as defined above, nor with 
glyceraldehyde acetonide or 2,2-dimethyl-1 ,3-dioxolane-4-methanol. The inert base is 
used in the process of the invention to neutralize the HCI that is formed in the reaction. 
Preferably a base, which has a conjugated acid with apK a >2, is used. Examples of 
inert bases include sodium acetate and sodium bicarbonate. 

Preferably an amount of base is used that is at least 0.8 molar 
equivalent based on the theoretically maximal molar amount of HCI that can be formed 
in the reaction, more preferably at least 0.9 molar equivalent, most preferably at least 1 
molar equivalent. 

The temperature of the process of the invention is in principle not 
critical. Preferably a temperature > -20*C, more preferably > 0°C, even more preferably 
> 15°C is used. The temperature is preferably < 100°C. more preferably < SOX. In 
practice, it is preferred to use a temperature between -20 and 100°C, more preferably 
between 15 and 80°C. 

The order of addition of the organic N-chloro compound, TEMPO or a 
TEMPO-derivative of formula 1, wherein R^-R* are as defined above, is in principle not 
cnt,cal. Preferably, TEMPO or a TEMPO-derivative of formula 1 , wherein R'-R* are as 
defined above, is added to a mixture of 2,2-dimethyl-1.3-dioxolane-4-methanol, the 
organic N-chloro compound and the inert base in a solvent. 

Suitable organic N-chloro compounds include N-chloro-4- 
toluenesulphonamide sodium salt. N-chloro-benzensulphonamide sodium salt 
trichloroisocyanuric acid and dichlorodimethylhydantoin. Preferably, the organic N- 
chloro compound is trichloroisocyanuric acid or dichlorodimethylhydantoin. 
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The amount of organic N-chloro compound is in principle not critical. 
It is preferred to use an amount of organic N-chloro compound such that there is at 
least 0.5 molar equivalent active chlorine based on the amount of 2,2-dimethyM ,3- 
dioxolane-4-methanol, more preferably at least 1 molar equivalent active chlorine and 
most preferably at least 1.1 molar equivalent active chlorine. The maximal amount of 
organic N-chloro compound is in principle not critical. For economical reasons, the 
amount of active chlorine is preferably less than 5 molar equivalent based on the 
amount of 2,2-dimethyM ,3-dioxolane-4-methanoI. 

The amount of TEMPO or a TEMPO-derivative of formula 1, wherein 
R 1 -R 6 are as defined above, used in the process of the invention, is in principle not 
critical. However, for economical reasons, preferably < 20 mole%, more preferably < 5 
mole%, in particular < 1 mo!e% TEMPO or a TEMPO-derivative (based on the amount 
of 2 J 2-dimethyl-1,3-dioxolane-4-methanol) is used. Preferably, the amount of TEMPO 
or a TEMPO-derivative (based on the amount of 2,2-dimethyM ,3-dioxolane-4- 
methanol) is > 0.01 mole%, more preferably > 0.02 mole%, even more preferably 
>0.05 mole%, most preferably > 0.1 mo!e%. In practice, it is preferred to use an 
amount of TEMPO or a TEMPO-derivative of between 0.1 and 1 mole% based on the 
amount of 2,2-dimethyM ,3-dioxolane-4-methanol. 

Preferably the process of the invention is carried out in the presence 

of a solvent. 

Suitable solvents include ketones, for example acetone, 2-butanone, 
methyl isobutyl ketone; esters, for example ethyl acetate or methyl acetate; 
halogenated hydrocarbons, for example dichloromethane; ethers, for example methyl-f- 
butylether or diethylether; aromatic solvents, for example toluene; nitriles, for example 
acetonitrile; amides, for example N,N-dimethylformamide; lactams, for example N- 
methyl pyrrolidinone; sulfoxides, for example dimethylsulfoxide. The preference for a 
solvent depends amongst others on the solubility of the chosen base and can easily be 
determined by the person skilled in the art. 

The process of the invention will now be elucidated by way of the 
following examples without however being limited thereto. 

Example 1 . Screening of oxidants 



Materials and methods 

(R.S)-Solketal (= (R,S)-2,2-dimethyl-1 ,3-dioxolane-4-methanol, 97 
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wt/o) ,s used as received from Acres. 4-Methy.morpho.ine-/V-oxide (monohydrate) 
pynd,ne-/V-oxide (as applied in Expreiments E - H), RuCI 3 , ZrOCi, TEMPO (= 2 2 6 6- 
tetramethylpiperidinyloxy radicai), TCCA (= trichloroisocyanuric acid 1 mole ' ' ' 
corresponds with 3 mo.es active chlonne) and NaOC. (aqueous so.uiion, containing 12 
- wt /o act,ve chlonne) are used as received from Aldrich. Acetonitri. e of p.a quality 

Merck) is used without further purification. H 2 0 2 (50 wt'/o aqueous solution) is used as 
™ f T De9USSa ^ine-A/-oxide (as used in experiments , - L) is prepared In 

To % r h To s r on , of pyridine (p a - qua,ity ' Merck> ,n cHci3 

at 0 C w,th H 2 0 2 (10 molar equivatent based on pyridine, 50 wt% aqueous solution 
Degussa), stirring the reaction mixture overnight, separating the organic phase " 
washing « once with water and evaporating the soivent to give a residue which 'is used 
in the ox.dat.on reaction without further purification. 

For the GC analysis we used an Agilent 6890 GC combined with a 
DB 5 column Wlth a |ength Qf 1Q m ^ . ntema( d . ameter ^ Q 1Q ^ 

owoTmU 0 - 10 T T USin9 8 SP,it " f ' OW in ' et ^ (hehUm - -mer gas. column 
flow 0.5 mL/m,n and split 100:1). The injection volume was 1 .0 uL. For detecticn an FID 
was used at 300 »C. The injection temperature was 250 X and the column 

TZT'C^r™ ^ °" 5 ^ ° C f0 " 0Wed by 3n t0 280 

General procedure* 

0.50 g (3.79 mmole) (R.S)-Solketal is dissolved in 5 mL aoetonitrile 
and su , equently 0 . 38 mmo)e (= Q , ^ ^ * 

cataiys, (as shown in Tabia A, is added. To .his solution was added (a, room 
temperature and dunng 30 rnin.) a solution of the oxidant (1 or 2 moiar equivalent 

pyndine^oxide and TCCA the oxidant is added as a soiution in 2 mL acetonitriie in 
ease o, Pyr-NO. NaOC, and H 2 0 2 ,ne oxidant is added as an agueous solution Z 

R sTs" ITT 7 u'T"" a ' ' 00m ,emPera,Ure * he < R . S >-SolKe,a, oonversion to 

ST T T " m0n " 0red ^ GC ' ThS maXimal COn " ereto " »— <— is 

displayed »n Table A. 



Results 



Tab.e A The conversion is defined as area% (R,S)-So.ketalaldehyde divided by 
[area% (R,S)-Solketal + area% (R^Soiketaia^ ^ the GC chromatogr am 



Molar equivalent j Catalyst 
oxidant* 



Conversion 
(%) 
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based on (R.S)-Solketal 
** prepared in situ (see materials and methods) 

In conclusion, the above screening of oxidants shows that the 
combination of TCCA (an organic N-ch.oro compound) with TEMPO (or a TEMPO- 
derivative) used in the process of the invention (example U) is the only comb.nat.on of 
oxidizing agent with catalyst that leads to an acceptable conversion of 2,2-d.methyM ,3- 
dioxolane-4-methanol to glyceraldehyde acetonide. 
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Materials and moth n ^ 

(R)-Solketal (= (R)-2.2-dimethyl-1,3<lioxo!ane-4-methanol, 97 wt% 
e^99.6o/ 0 ), (R,S)-So.ket a . (= (R,S).2.2-dimethy.-1,3-dioxo,ane-4-methano.. 97 wt%)' 
TCCA (= tnchloroisocyanuric acid, 99 wt%, 1 mole corresponds with 3 moles active ' 
ch onne), DCDMH (= dichlorodimethylhydantoin, 1 mole corresponds with 1 .33 moles 
act,ve chlorine), TEMPO (= 2,2,6,6-tetramethy.piperidinyloxy radical. 98 wt%) NaOAc 
(= sod,um acetate, 99 wt%). NaHC0 3 (= sodium bicarbonate, 99 wt%) K 2 C0 3 (= 
potassium carbonate, 99 wt%) and TEPA (= triethyl phosphonoacetate, 97 wt%) are 
used as received from Acres, as well as the solvents acetone, 2-butanone, ethyl 
acetate, acetonitrile and dichloromethane (all of p a. quality). 

For the GC analysis we used an Agilent 6890 GC (EPC) and an 

' 683 , AU ;° matiC UqUid Sam » ler «"*ned with a Betadex column (part number 
24305. Supelco) with a length of 60 m. an internal diameter of 0.25 mm and a film 
thickness of 0.25 urn and using a split-flow inlet system with constant flow (Helium as 
earner gas, column head pressure 26.4 kPa. column flow 1.4 mLVmin and split flow 
37^5 mL/min). For detection an FID was used at 250 °C. For the quantitative analytica. 
dete„n of (R). and (S)- g ,ycera,dehyde acetonide the injection temperature was 

to 1 30 -r 1\T™ temPeratUre Pr ° gramme consiste « * 3 min at 60 "C. increase 
to 130 C w,th 5 C/min, another 1 min at 130 "C and increase to 230 °C with 25 
C/mm. For the quantitative analytical determination of ( R) - and (S)-ethyl-((4 5)-Q- 

the injectjon temperature ^ ^ 

22, a »r rr'T t6mPeratUre Pr ° gramme COnsisted " 1 ™ * 80 X, increase to 
^5 C with 5 C/min and another 10 min at 225 °C. 



Influence of the solvent 



Table 1: Influence of the solvent using 120 mole% NaOAc, 40 mole% TCCA and 0.25 
mole% TEMPO based on Solketal. 
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Example 



Solvent 



Yield (%) of glyceraldehyde acetonide (based on 
Solketal) 




Fvamole 2.1: Ovation of (Rlg c jketaj to (SValvceraldehyde acetonide in acetone 

In a 1 00 ml 4-necked round-bottomed flask, 5.46 g (40.0 mmole) (R)- 
Sotketal is dissolved in 25.9 g acetone. 3.95 g (48.2 mmole) NaOAc and 3.72 g (16.0 
mmole) TCCA are subsequently added and the resulting suspension is stirred at 25 °C. 

A solution of 1 5.7 mg (0.1 0 mmole) TEMPO in 1 1 .3 g acetone is 
added over 8 minutes, allowing the reaction mixture to warm up to 59 °C. The reaction 
mixture is stirred during another 30 minutes and the solids are filtered off and washed 
with 25 g acetone. GC analysis of the filtrate demonstrates that 4.2 g (32.2 mmole, 
80% yield based on (R)-Solketal) (S)-glyceraldehyde acetonide (e.e. = 99.5%) has 
been obtained. 

Example 2.2: Oxidation of (R.S )-Snlketal to (R S)-glyceraldehyde acetonide in 2 -_ 
butanone 

In a 1 00 ml 4-necked round-bottomed flask, 4.09 g (30.0 mmole) 
(R.S)-Solketal is dissolved in 18.9 g 2-butanone. 2.96 g (36.1 mmole) NaOAc and 2.79 
g (12.0 mmole) TCCA are subsequently added and the resulting suspension is stirred 
at 25 °C. A solution of 1 1.8 mg (0.075 mmole) TEMPO in 8.5 g 2-butanone is added 
over 9 minutes, allowing the reaction mixture to warm up to 74 °C. The reaction mixture 
is stirred during another 30 minutes and the solids are filtered off and washed with 20 g 
2-butanone. GC analysis of the filtrate demonstrates that 3.0 g (23.2 mmole, 77% yield 
based on (R.S)-Solketal) (R.S)-glyceraldehyde acetonide has been obtained. 
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Example 2.3: Oxidation of (R,S)-Solketal to m.SKtotxnM* ^ acetonirf* in .thy, 
acetate 

A solution of 4.09 g (30.0 mmole) (R.S)-Solketal in 19.0 g ethyl 
acetate is oxidized in ethyl acetate according to the procedure of example 2 2 except 
that the TEMPO solution is added over 1 0 minutes, allowing the reaction mixture to 
warm up to 77 °C and that the solids are washed with ethyl acetate. GC analysis of the 
filtrate demonstrates that 2.6 g (20.2 mmole, 67% yield based on (R,S)-Solketal) (R.S)- 
glyceraldehyde acetonide has been obtained. 

Example 2.4: Oxidation of fB^§gJketal to ( R S)- 0 lvcer al d»h V H 0 acetonjde in 
acetonitrile 

A solution of 4.09 g (30.0 mmole) (R.S)-Solketal in 19.2 g acetonitrile 
is ox.d.zed in acetonitrile according to the procedure of example 2.2 except that the 
TEMPO solution is added over 6 minutes, allowing the reaction mixture to warm up to 
60 °C and that the solids are washed with acetonitrile. GC analysis of the filtrate 
demonstrates that 2.5 g (19.1 mmole, 64% yield based on (R,S)-Solketal) (R,S)- 
glyceraldehyde acetonide has been obtained. 

Example 2.5: Oxidation of (P Sl-Splkef*. tn ( p g)_ alvceral d*hvH. ; „ 
20 dichloromethane 

A solution of 4.09 g (30.0 mmole) (R.S)-Solketal in 28 0 g 
dichloromethane is oxidized in dichloromethane according to the procedure of example 
2.2 except that the TEMPO solution is added over 15 minutes, allowing the reaction 
m.xture to warm up to 42 °C and that the solids are washed with 30 g dichloromethane 
25 GC analysis of the filtrate demonstrates that 2.4 g (18.4 mmo.e. 61% yield based on 
(R.S)-Solketal) (R.S)-glyceraldehyde acetonide has been obtained. 



15 
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Influence of the amount of TEMPO 

Table 2: Influence of the amount of TEMPO using 120 mole% NaOAc and 40 mole% 



Example 


TEMPO 

(mole% based on Solketal) 


Yield (%) of glyceraldehyde acetonide 
(based on Solketal) 


2.6 


1.0 


74 


2.7 


0.33 


77 


2.1 


0.25 


80 


2.8 


0.15 


74 


2.9 


0.081 


70 


2.10 


0.023 


60 



Example 2.6: Oxidation of (R^-Solketa l to (R.SValvceraldehvde acetonide with 1 .0 
mole% TEMPO 

In a 100 ml 4-necked round-bottomed flask, 4.09 g (30.0 mmole) 
(R.S)-Solketal is dissolved in 18.0 g acetone. 2.96 g (36.1 mmole) NaOAc and 2.79 g 
(12.0 mmole) TCCA are subsequently added and the resulting suspension is stirred at 
25 °C. A solution of 48.0 mg (0.30 mmole) TEMPO in 12.2 g acetone is added over 7 
minutes, allowing the reaction mixture to warm up to 59 °C. The reaction mixture is 
stirred during another 30 minutes and the solids are filtered off and washed with 20 g 
acetone. GC analysis of the filtrate demonstrates that 2.9 g (22.1 mmole, 74% yield 
based on (R.S)-Solketal) (R,S)-glyceraldehyde acetonide has been obtained. 

Example 2.7: Oxidation of (R.SVSolketal to (R.SVqlvceraldehvde ace tonide with 0.33 
mole% TEMPO 

A solution of 4.10 g (30.1 mmole) (R.S)-Solketal in 19.3 g acetone is 
oxidized according to the procedure of example 2.6, except that a solution of 15.8 mg 
(0.10 mmole) TEMPO in 9.3 g acetone is added over 12 minutes, allowing the reaction 
mixture to warm up to 60 °C. GC analysis of the filtrate demonstrates that 3.0 g (23.1 
mmole, 77% yield based on (R.S)-Solketal) (R.S)-glyceraldehyde acetonide has been 
obtained. 
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Examp le 2.8- Oxidati on of (R,S) -So,k^l to IR^-glvceraldehvd* *r.»^ ^ n « g 
mole% TEMPO : — 

A solution of 5.45 g (40.0 mmole) (R,S)-Solketal in 25.6 g acetone is 
ox ldl zed according to the procedure of example 2.1, except that a solution of 9 4 mg 
(0.059 mmole) TEMPO in 9.3 g acetone is added over 1 1 minutes, allowing the 
react.cn mixture to warm up to 59 °C. GC analysis of the filtrate demonstrates that 3 8 
9 (29.6 mmole, 7 4 o/ 0 yield based on (R,S)-Solketal) (R,S)-glycera.dehyde acetonide 
has been obtained. 

Example 2 9- Oxidation of (R,S)-Solk etal to (R.Sl-alvner^ nvde ^ n m 
mole% TEMPO " ! ~ HJ - 

lf1 3 100 m ' 4_necked r °und-bottomed flask, 6.14 g (45.0 mmole) 
(R.S).Solketa. is dissolved in 30.2 g acetone. 4.44 g (54.23 mmole) NaOAc and 4 19 g 
(18.0 mmole) TCCA are subsequently added and the resulting suspension is stirred at 
25 °C. A solution of 5.8 mg (0.036 mmole) TEMPO in 12.3 g acetone is added over 10 
m.nutes, allowing the reaction mixture to warm up to 59 °C. The reaction mixture is 
sfrred during another 30 minutes and the solids are filtered off and washed with 28 g 
acetone. GC analysis of the filtrate demonstrates that 4.1 g (31 .5 mmole, 70% yield 
based on (R,S)-Solketal) (R,S)-g«yceraldehyde acetonide has been obtained. 

BcampJe^lQ: Oxidation of (R S)-Solketal to (R ^ y ^ r ^ vde acetonidfi wifh 
0.023 mole% TEMPO ~ 

A solution of 4.10 g (30.1 mmole) (R.S)-Solketal in 19.7 g acetone is 
cx.d.zed according to the procedure of example 2.6. except that a solution of 1 1 mg 
(0.0068 mmole) TEMPO in 8.6 g acetone is added over 10 minutes, allowing the 
react,on mixture to warm up to 46 <>C. GC analysis of the fi.trate demonstrates that 2 3 
9 (18.0 mmole, 60% yield based on (R.S)-Solketal) (R.S)-glyceraldehyde acetonide 
has been obtained. 



* ' * 
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Influence o f the amount of TCCA 

Tab.a 3: Influence of the amount of TCCA using 0.25 mo.e% TEMPO based on 
Septal and 300 mo«e% NaOAc based onTCCA^nd^sin^^ 
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Example J TCCA 

(mole% based on Solketal) 

33" 



Yield (%) of glyceraldehyde acetonide 
(based on Solketal) 




Fvam ple 2.1 1: nidation of (R.S) 

mole% TCCA „ . ^ 

~~~ ~ In a 100 ml 4-necked round-bottomed flask, 4.10 g (30.1 mmole) 

(R S)-So.keta. is dissolved in 19.2 g acetone. 2.51 g (30.3 mmo.e) NaOAc and 2.35 g 

10 (10 0 mmole) TCCA (containing 30.0 mmole active chlorine) are subsequently added 

and the resulting suspension is stirred at 25 °C. A solution of 12.3 mg (0.077 mmole) 

TEMPO in 8 6 g acetone is added over 8 minutes, allowing the reaction m.xture to 

warm up to 59 °C. After the TEMPO addition is complete, the reaction mixture is cooled 

to 25 °C over 5 minutes. The solids are filtered off and washed with 25 g acetone. GC 

15 analysis of the filtrate demonstrates that 2.9 g (21.9 mmole, 73% yield based on (R.S)- 

Soiketal) (R.S)-glyceraldehyde acetonide has been obtained. 

g y gm p ,„ o 12: Oxidation o f ( P S j^ojketaj to (R.SVglyceraldehvde aceton i^wlthSO, 
mnle% TCCA 

~~ ~ A solution of 4.09 g (30.0 mmole) (R.S)-Solketal in 22.2 g acetone >s 

oxidized according to the procedure of example 2.1 1 . except that 3.77 g (45.45 mmole) 
NaOAc and 3.52 g (15.0 mmole) TCCA (containing 45.0 mmole active chlonne) are 
used and that the TEMPO solution is added over 12 minutes, allowing the reactton 
mixture to warm up to 59 °C. GC analysis of the filtrate demonstrates that 3.0 g (23.0 
25 mmole, 77% yield based on (R,S)-So.keta.) (R,S)-glycer a .dehyde acetonide has been 
obtained. 
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Example 2.13: Oxidation of (R S)-Solketal to (R Sl-n.^ ra , de h V rf. ^n,w 0 «^ 
mole% TCCA 

In a 1 00 mL 4-necked round-bottomed flask, 4.44 g (32 6 mmole) 
(R.S)-Solketal is dissolved in 25.3 g acetone. 8.16 g (98.5 mmole) NaOAc and 7 65 g 
(32.6 mmole) TCCA (containing 97.8 mmole active chlorine) are subsequently added 
and the resulting suspension is stirred at 25 <>C. A solution of 13.0 mg (0.082 mmole) 
TEMPO in 9.7 g acetone is added over 9 minutes, allowing the reaction mixture to 
warm up to 59 °C. GC analysis of the filtrate demonstrates that 2.9 g (21.9 mmole 6 7 o/ 0 
y.eld based on (R,S)-Solketal) (R,S)-glycer a idehyde acetonide has been obtained.' 

Influence of the amount of NaOAc relative to TCP.A 

Table 4. Influence of the amount of NaOAc based on TCCA using 40 mole% TCCA 
and^Smo ieo/o TEMPO based on Solketal a nd using acetone as the solvent. 



Example J NaOAc 

(mole% based on Solketal) 



2.14 



2.15 



2.1 



80 



108 



J 



120 



Yield (%) of glyceraldehyde 
acetonide (based on Solketal) 



37 



73 



80 



Example 2.14- Oxidation of (R SVSolkPtal to ,R .^^ 3l H e hvde MmMm an 
mole% NaOAr — 

In a 100 ml 4-necked round-bottomed flask, 4.09 g (30 0 mmole) 
(R,S)-Solketal is dissolved in 19.3 g acetone. 2.00 g (24.1 mmole) NaOAc and 2 83 g 
(12.0 mmole) TCCA are subsequently added and the resulting suspension is stirred at 
25 -a A solution of 12.0 mg (0.075 mmole) TEMPO in 8.9 g acetone is added over 9 
mmutes, allowing the reaction mixture to warm up to 57 °C. After the TEMPO addition 
.s complete, the reaction mixture is stined during another 30 minutes. The solids are 
filtered off and washed with 25 g acetone. GC analysis of the filtrate demonstrates that 
1.4 g (1 1.1 mmole, 3 7 o/ 0 yieI d based on (R,S)-Solketa.) (R.S)-g.ycera.dehyde acetonide 
has been obtained. 
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g ... asidaiap of IRgW nlrnt-. tn (P S HIyreraldehvde «■» 1 W 

D!fi!a2SJ:!a26£ A soluflon of 4.09 g (30.0 mmole) (R.S^SolKetal in 19.5 g acetone Is 
oxidized according .o.he procedure o, example 2.14. excepts 2.66 g (32.1 mmole, 
S NaOAc le used. After .he addiflon of me TEMPO soluflon ,he ,empera,ur a, he 

teflon mixture rose to 59 GO analysis of the fll.ra.e demonstrates that 2.8 9 (21 7 
mmote, 73% yield based on <R,S)-So,ke.a,) <R.S)-glyceraldehyde ace,on,de has been 
obtained. 

10 influence of th« type of base 

Table 5: Influence of the type of base using 40 mole% TCCA and 120 mo,e% base 
based on Solketal 




Yield (%) of glyceraldehyde" 
acetonide 
(based on Solketal) 

8CT 



15 



20 



j=xarriefe ■> m tMOsSiSH - t° V°""-°' is gteaajdehyde acetonide with NaHCQ a. 

ia ™ M!ba T„ a 100 m, 4-necRed round-boftomed flasR. 4,9 g (30.7 mmoie, (R>- 
SolKeta, is dissolved in 24.8 g dichioromethane. 3.07 g (36.2 mmoie) NaHCO, and 284 
q (12 1 mmoie) TCCA are subsequently added and the resulting suspension ,s cooled 
to 3 °C A solution of 24.1 mg (0.151 mmole) TEMPO in 10.6 g dichioromethane ,s 
added over 15 minutes a. 3-8 «C. The reaction mixture is stirred during 60 minutes a. 5 
•C and ft. solids are flftered off and washed with 25 g dichioromethane GO an 
(he filtrate demonstrates .hat 1.8 g (13.6 mmole. 44% yield based on (R)-Solke.al) (S)- 
glyceraldehyde acetonide (e.e. = 99.6%) has been obtained. 



25 
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Influence of the addition ti me of the TEMPO solution 



Table 6: Influence of the addition time of the TEMPO solution using 120 mole% 
NaOAc, 40 m ole% TCCA and 0.25 mo.eo/ 0 TEMPO based on So.ketal and using 
acetone as the solvent 



Example 


Dosing time 
(min.) 


Yield (%) of glyceraldehyde acetonide 
(based on Solketal) 


2.17 | 


1.4 — . 


78 " " — ~ ■ 


2.1 


8 


"80 " ■ 



) 



Example 2.17: Oxidation of (R^SoJketaJ to ( R S^ceraldehyde acetonide with 
addition of TFMPr> - 

,o ^ o , 3 1 °° m ' 4 " necked r °und-bottomed flask, 4.09 g (30.0 mmole) 

R S)-So.ketal is dissolved in 20.2 g acetone. 2.99 g (36.1 mm ole) NaOAc and 2.82 g 
(12.0 mmole) TCCA are subsequently added and the resulting suspension is stirred at 
25 °C. A solution of 12.0 mg (0.075 mmole) TEMPO in 6.4 g acetone is added over 85 
seconds, allowing the reaction mixture to warm up to 59 »C. The reaction mixture is 
cooled to 22 oc and the solids are filtered off and washed with 25 g acetone GC 
analysis of the filtrate demonstrates that 3.0 g (23.4 mmole, 78'Zo yield based on (R S)- 
Solketal) (R.S)-glyceraldehyde acetonide has been obtained 



Influence of tem perature 



Table 7: Influence of the reaction temperature using 120 mo,e % NaOAc, 40 mo,e% 

S^^^ and using acetone as the solvent 
Example J Temperature rrTr-z-r^rr-. — — 



2.18 



6-15 °C 



2.1 



25-59 °C 



Yield (%) of gl ycer aldehyde acetonide (based onJ3o^keta £ 



temperature ~~ - — 

Solkete, * h- ■ m ' 4 " neCk6d round - bottomed 4.10 g (30.1 mmole) (R)- 

Solketa. is dissolved ,n 24.4 g acetone. 2.99 g (36.1 mmole) NaOAc is added and the 
suspension is cooled to 1 "C. 2.83 g (12.0 mmole) TCCA is added, while the 
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.ensure ,s Kept below 4 °C. The resulling suspension Is further cooled «o 0 C and 
subse,uen.,y. a so,u,,on o, 12.1 mg (0.076 mmoie) TEMPO in 7.4 g acetone ,s added 
over 9 mln uL. The reaction mixture ia aiiowed to reaoh a maximum temperature of 24 
•C but during a. leas, 90 % of the addition time of Ihe TEMPO soiulion .he tempera un, 
was between 15 and 6 -C. After complete addition of ft. TEMPO solueon, the reaceon 
mixture ie stirred during 60 minutes between 0 and 6 °C and subsequently warmed up 
,o 20 -C during 60 minutes. The solids are filtered off and washed with 25 g acetone. 
GC analysis of the filtrate demonstrates .hat 2.3 g (17.8 mmole, 59% yieU based on 
<R)-SolKe.al) (S,-glyceraldehyde acetonide (e.e. =■ 99.6%) has been ob<a,ned. 

Infinianne of addit ion order 

Tab«e 8:.nf.uence of the addition order using 120 mo,e<>/o NaOAc, 40 moleo/o TCCA and 
0.25 mole% TEMPO based on Solketalandus^ 



15 



Example 



Dosed reagent 



Yteidl%yofgIyceraldehyde acetoniae (based on 
Solketal) 
W 




20 



25 



An _ . . .. f , R « o nn . rtT1 ) t » (R R)- nlycerald °nv rl ' a «*rtnnide usinc 

Fxamole 2 19: Oxida t ion of (R.b)-boiKeiai to m<y 

1fifti tj™ of TP.r.A instead of TEMPO 

~ na10 0ml4-necked round-bottomed flask, 4.21 g (30.9 mmole) 

( R S)-So« k et al is dissolved in 16.6 g acetone. 3.09 g (37.3 mmole) NaOAc and 12 3 mg 

0 077 mmole) TEMPO are subsequently added and the resulting suspens.cn ,s st,rred 

at 25 °C A solution of 2.90 g (12.4 mmole) TCCA acid in 22.6 g acetone is added over 

15 minutes, allowing the reaction mixture to warm up to 47 °C. The reaction mixture ,s 

stirred during another 60 minutes and the solids are filtered off and washed £h 26 fl 

acetone GC analysis of the filtrate demonstrates that 2.7 g (20.7 mmo.e, 67 /o ye.d 

based on (R,S)-Solketal) (R,S)-glyceraldehyde acetonide has been obta.ned. 
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Influence of the type of oxidant 

Table 9: Influence of the type of oxidant using 0.25 mole% TEMPO based on Solketal 



Example 


J Oxidizing 
agent 


Amount 
(mole%*) 


Active chlorine 
(mole%*) 


Yield (%) of 

glyceraldehyde acetonide* 


2.11 


TCCA 


33 


100 35 


73 — _ 


2.1 
2.12 


TCCA 


40 


120 


80 




TCCA 


50 


150 


77 


2.13 
2.20 


TCCA 


100 


300 


67 


2.21 


DCDMH 


90 


120 


72 


* Based on J 


DCDMH 
Solketal 


120 


160 


65 



Example 2.20: Oxidation of (RVSoiketal to (Sj^^d^de ^nniw e ^ on 
mole% DCDMH : 

In a 1 00 ml 4-necked round-bottomed flask. 4. 1 1 g (30. 1 mmole) (R)- 
Solketal is dissolved in 30.1 g acetone. 6.73 g (81.2 mmole) NaOAc and 5.33 g (27 0 
mmole) DCDMH (containing 36.0 mmole active chlorine) are subsequently added and 
the resulting suspension is stirred at 1 8 °C. A solution of 12.2 mg (0.077 mmole) 
TEMPO in 8.7 g acetone is added over 9 minutes, allowing the reaction mixture to 
warm up to 51 °C. The reaction mixture is stirred during another 30 minutes and the 
sohds are filtered off and washed with 25 g acetone. GC analysis of the filtrate 
demonstrates that 2.8 g (21.6 mmole, 72% yield based on (R)-Solketal) (S)- 
glyceraldehyde acetonide (e.e. = 99.6%) has been obtained. 

Example 2.21; Oxidation of (R)-Solketal to (SS-n^r^^ acetnniri(a with i0n 
mole% DCDMH 

A solution of 4.10 g (30.0 mmole) (R)-Solketal in 30.5 g acetone was 
ox,d,zed according to the procedure of example 2.20, except that 5.98 g (72 2 mmole) 
NaOAc and 7.10 g (36.0 mmole) DCDMH (containing 48.0 mmole. active chlorine) were 
used and that the TEMPO solution is added over 10 minutes, allowing the reaction 
m.xture to warm up to 57 °C. GC analysis of the filtrate demonstrates that 2 5 g (19 4 
mmole, 65% yield based on (R)-Solketal) (S)-g.yceraldehyde acetonide (e e = 99 5%) 
has been obtained. 
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influence of th* ration co nditions on the e.e. 



Table 10: Influence of the reaction conditions on the e.e. 




* Based on Solketal 



As can be seen from Table 10, starting from enantiomerically 
enriched solketal with an enantiomeric excess (e.e.) of 99.6, enantiomerically enriched 
glyceraldehyde acetonide with similar e.e. can be prepared. 

10 ExamBie 2 22: Qxidatjon of (RVSolke_tn1 to (Syn ly ceraldeh yde acetonide with more 



Fvam pIP 9 IT. Oxid atinn of (RVSolketal to (S) 

TEMPO and TCCA 

In a 100 ml 4-necked round-bottomed flask, 4.14 g (30.3 mmole) (R)- 

Solketa. is dissolved in 19.1 g acetone. 4.49 g (54.2 mmole) NaOAc and 4.25 g (18.1 

mmole) TCCA are subsequently added and the resulting suspension is stirred at 25 °C. 

15 A solution of 24.3 mg (0.15 mmo.e) TEMPO in 9.0 g acetone is added over 12 minutes, 

allowing the reaction mixture to warm up to 58 °C. The reaction mixture is stirred dunng 

another 105 minutes and the solids are filtered off and washed with 25 g acetone. GC 

analysis of the filtrate demonstrates that 2.8 g (21 .5 mmole, 71% yield based on (R)- 

Solketal) (S)-glyceraldehyde acetonide (e.e. = 99.6%) has been obta.ned. 



20 
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Example 2.73- Preparation of (ffl-ethvUM .M-n-i^ rroDV |, denft . M g) = dii 3 ydrox^ 2 
(E.Z)-pentenoate 

In a 250 ml 4-necked round-bottomed flask, 32.0 g (231 .5 mmole) 
K 2 C0 3 is dissolved in 1 20 ml water. The P H of this solution is adjusted to 1 1 .5 by 
adding aq. 4 M HCI. The resulting solution is cooled to 3 °C and 8.0 g (34.6 mmole) 
TEPA is added. While maintaining the temperature of the reaction mixture below 5 X 
73.5 g of a solution containing 4.2 g (32.0 mmole) (S)-gfyceraldehyde acetonide in 
acetone (as obtained by the procedure in example 2. 1) is added over 70 minutes The 
PH of the reaction mixture is meanwhile kept in the range 11 .0 - 11 .5 by adding small 
portions of K 2 C0 3 . The resulting mixture is stirred during 4 h between 0 and 5° C and 
subsequently during 16 h between 5 and 15 »C. GC analysis of the organic phase 
demonstrates that 5.8 g (28.8 mmole, 90% yield based on (S)-glyceraldehyde 

acetonide) (R)-ethy.-((4 I 5)-0-iso P ropy.idene-(4,5)-dihydroxy)-2-(E,2)-pentenoate (e e = 
97.8%, E/Z = 95/5) has been obtained. 

^ In i conclusion, as is shown by example 2, with the process of the 
invention glycera.dehyde acetonide can be prepared with a high yield (higher than 
30%) and with a high e.e. 
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CLAIMS 



EPO - DG 1 
30. 10. 2003 



Process for the preparation of glyceraldehyde acetonide by oxidation of 2,2- 
dimethyl-1 ,3-dioxo!ane-4-methanol by an oxidizing agent, characterized in that 
2,2-dimethyl-1,3-dioxolane-4-methanol is oxidized by an organic N-chloro 
compound in the presence of an inert base and TEMPO or a TEMPO- 
derivative of formula 1 




(D 

wherein R 1 , R 2 , R 3 and R 4 each independently stand for an alky) group with 1 
to 6 C-atoms and wherein R 5 and R 6 either both stand for H or an alkoxy group 
with 1 to 6 C-atoms or one stands for H and the other stands for an alkoxy 
group with 1 to 6 C-atoms, an alkylcarbonyloxy group with 1 to 6 C-atoms, an 
arylcarbonyloxy group with the carbonyloxy group having 1 to 6 C-atoms or an 
alkylcarbonylamino group with 1 to 6 C-atoms; or wherein R 5 and R 6 together 
stand for ketal groups of formula a-c 



R 7 



°3 

o ' 



o- 
o- 



-o 
-o 



X 



R 8 



R 9 



a b c 

wherein R 7 stands for an alkyl group with 1 to 6 C-atoms and R 8 and R 9 each 
independently stand for H or an alkyl group with 1 to 6 C-atoms and wherein Y 
stands for a group of general formula d-f 



V 

N 

ii 



N 

© 

o x 



\/ 

N 



\/ 

N 



OH 



O 
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g , y cera,dehyde ace,o„,de is prepared by oxidalion o. .ha corresponds 

enantiomeric* enriched ^^^'^^Te Lan.0 N- 
Procass according «o claim 1 or claim 2, character-zed ,n that the o^anrc 
ZZ ^mpoundis trichioroisocyanudc acid or ^~^yda^ 

Process according to any one o, claims 1-3, character,* < ,n *at 2,2-d,me1hyl 

1 ,3-dioxolane-4-me,hanol is oxidized in the presence of TEMPO. 

Process according to any one of claims 1-4, characlenzed ,n mat .he inert 

Uocp has a conjugated acid with a pK a > 2. 

P iT^iS * -V one o, ctalms 1-5. characterized in the, the amount 
o, inert base is at leas. 0.8 molar equivalent based on .he theoretic* 
maximal molar amount of HC, .ha, can be formed in .he reachon 
Process according to any one of claims 1-6, charaCenzed ,n that the ,nert 
base is sodium acetate or sodium bicarbonate. 

Process according «o any one of claims 1-7. characterized ,n that the process 
is performed at a temperature between 1 5 and 80'C. 

Process according to an, one of claims 1-8, characterized ,n that the TEMPO 
or eTEMPO-derivat- of fomruia 1. wherein «■■* are as defrned above, ,s 
added to a mixture o, 2,2-d,me,hyl-1 .3-dioxo,ane-4-me.hanol. the organic N- 

Cloro compound and the inert ,„ , hat th0 a moun, 

Process according to any one of claims 1 -g, characrenze 
of organic N-chloro compound is such the, there is at least 0.5 molar 
CLlen, active chlorine based on .he amoun, o, 2.2-d,methyl-1 ,3-d,oxo,ane- 

. p™ccording to any one o, Calms 1-10, character^ in tha, an amoun. 
o, TEMPO or a TEMPO-derivative o, formula 1 . wherein R'-R are as de ,ed 
above, of between 0.1 and 1 mo,e% based on the amount of 2,2-d,me,hyl-1.8- 
dioxolane-4-methanol is used. 
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ABSTRACT (75) 

The invention relates to a process for the preparation of 
glyceratdehyde acetonide by oxidation of 2,2-dimethyM ,3-dioxolane-4-methanol by an 
5 oxidizing agent, wherein the 2,2-dimethyM ,3-dioxolane-4-methanoi is oxidized by an 
organic N-chloro compound in the presence of an inert base and TEMPO or a TEMPO- 
derivative. In one embodiment of the invention enantiomerically enriched 
glyceraldehyde acetonide is prepared from the corresponding enantiomerically 
enriched 2,2-dimethyM ,3-dioxolane-4-methanol. Preferably, the organic N-chloro 
10 compount is trichloroisocyanuric acid or dichlorodimethyl hydantoin. Preferably, the 
inert base is sodium acetate or sodium bicarbonate. 
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